requirements of the ligands surrounding the metal center might influence the characteristics of the Pt···H interactions, which have been studied both in the solid state (X-ray) and in solution (NMR). Moreover, theoretical calculations have been performed in order to obtain a greater insight into the nature of the Pt···H interaction. For comparative purposes, studies on A and B, a couple of similar complexes previously prepared in our laboratory 6 (see Scheme 1), have also been included in this paper. The study of the reactivity of the Pt···H complexes toward hydrogen abstractors has resulted in unexpected polynuclear complexes which have also been fully characterized.
Synthesis and characterization of the complexes [Pt(C 6 F 5 )(bzq)L] {L = hqH, 8-hydroxyquinoline (1); L = hqH', 2-methyl-8-hydroxyquinoline (2)}
Complex [Pt (C 6 F 5 )(bzq)(Me 2 CO)] (bzq = 7,8-benzoquinolinate) has proven to be a suitable precursor for the preparation of complexes [Pt (C 6 F 5 )(bzq)L] due to the fact that the acetone group is easily replaced with other L ligands. 22, 23 Thus, the addition of equimolecular amounts of 8-hydroxyquinoline (hqH) or 2-methyl-8-hydroxyquinoline (hqH') to dichloromethane solutions of [Pt (C 6 The IR spectra of complexes 1 and 2 confirm the replacement of the acetone in the starting material, since the ν CO vibration band corresponding to this ligand which appears at 1669 cm -1 is no longer present, and bands assignable to the hqH and hqH' ligands can now be observed (see Experimental). respectively, see Table 1 ). Nevertheless, the chemical displacement of the signal of the hydrogen involved in the interaction is greater (3.70 ppm and 4.09 ppm respectively).
The close vicinity of the platinum center and the hydroxylic hydrogen atom is also manifest in another magnetic property of the latter, the relaxation rate. 24 Table 1 The structures of complexes 1 and 2 have been established by single crystal X-ray diffraction studies. Figures 3 and 4 show views of the structures of 1 and 2 respectively, and Table 2 lists a selection of relevant bond distances and angles for both complexes. As expected, 1 and 2 are square planar complexes in which the pentafluorophenyl ligand is located trans to the nitrogen donor atom of the cyclometalated bzq ligand, as has previously been found in complexes with the formula [Pt(C 6 F 5 )(bzq)L]. 23 In both structures, the bzq planes are coplanar to the Pt basal square planes (dihedral angle 3.4(1)º for 1 and 4.4(1)º for 2), while hqH and C 6 F 5 ligands are almost perpendicular to the latter (dihedral angles are 80.7(1)º and 78.5(1)º respectively for 1 and 84.0(1)º and 84.6(1)º for 2). With these dispositions, the OH fragments of the hqH and hqH' ligands have optimal orientations for the hydrogen atoms to establish interactions with the Pt centers. It is noteworthy that the quality of the X-ray diffraction data collected has allowed, in both structures, to find and refine the position of these hydrogen atoms (H(1)) without restraints, and that from all the possible orientations, the hydrogen atoms are pointing toward the metal centers. type interactions. The optimized geometry of B (B-DFT) is also consistent with the X-ray determined structure. 6 It also shows that the hydrogen atom of the hydroxyl fragment is oriented toward the platinum atom resulting in a very short distance of 2.11 Å (2.19 Å, Xray), and all the Pt···H-O structural parameters are consistent with a hydrogen bonding 4e-3c type interaction (see Table 3 The results of our study on the referred BCPs found for 1-DFT, 2-DFT, A-DFT and B-DFT are shown in Table 4 . The electron density ρ(r) at a BCP correlates with the strength of an atomic interaction. For a typical C-C covalent bond the value of ρ(r) is about 1.7 au. 33 For conventional purely organic hydrogen bonding values of between 0.0123 and 0.0276 au have been reported. 33 Bergès et al. 20 Table 4 ), thus indicating closed-shell, electrostatic interactions. This same result is also observed in conventional organic hydrogen bonds, 33 in the referred Pt(II)··H-OH interactions 20, 21 or in other studies on M···H-X systems 11, 34 Nevertheless, and as stated before, 11, 33, 34 considering the values and signs of  It has been observed that a more negative value of H(r) is related to the decrease in the distance between the interacting atoms, both in certain specific organic hydrogen bonding systems 33, 37 and in other non-bonded interactions. 38 In these specific hydrogen bonding systems the donor or proton acceptors are ylides 37 or organic acids, 33 and when known, the X···H distances have been shown to be very short. These "special" hydrogen bonds are sometimes termed "Low Barrier Hydrogen Bonds" (LBHB) and are postulated as transition states in several organic and enzyme catalytic events. 33, 37 The values of H(r) reported for the complexes investigated here are the most negative ones calculated for M···H-X interactions 11,34 (see Table 4 ), and certainly, the Pt-H distances calculated or measured by X ray (complexes 1 and B, see Table 3 ), are among the shortest reported for this kind of complexes 6, 15, 16 Some authors have stated that the shorter the Pt···H contact, the more negative the value of H(r) is and the greater the downfield displacement of the interacting hydrogen is in the 1 H NMR spectra. 11 In the case of the four complexes studied here, the calculated or measured values of the Pt-H distances are very similar, ranging from 2.09 Å to 2.19 Å (see Table 1 ).
Nevertheless, the value of the downfield displacement of the signal of the interacting hydrogen in the 1 H NMR with respect to the free ligand is significantly greater for the complexes A and B (3.70 and 4.09 ppm, respectively) than it is for 1 and 2 (2.64 and 2.74 ppm, respectively). Thus, in these cases the Pt-H distance would seem to be not the only factor determining the magnitude of the downfield displacement in the signal of the hydrogen involved in the interaction.
NBO analyses have been performed for 1-DFT, 2-DFT, A-DFT and B-DFT (see Table   S7 , Table 1 ). The calculated shifts for the hydroxylic hydrogen atoms in the organic substrates (7.69 and 8.06 ppm respectively) and in the four organometallic complexes (10.71, 10.95, 11.95, and 12.07 ppm respectively) are in a good agreement with the experimental ones, both from a qualitative and quantitative point of view (see Table 1 ). Remarkably, the computed shifts reproduce the experimentally observed downfield delta shifts upon formation of the Pt···H interactions, and predict higher deshieldings for the hydroxylic proton of the aromatic ligands when coordinated to the anionic [Pt (C 6 
Reactivity of complexes 1 and 2 toward bases.
The hydrogen bridging M···H interactions have been described as the first step in processes of protonation of the metal and possible migration of the proton to a ligand with elimination of the protonated ligand. 2 Since the "internal" deprotonation, chelation, and corresponding formation of C 6 F 5 H do
not take place, we tested the acidity of the OH hydrogen of the hydroxyquinoline ligands in 1 and 2 toward several "external" deprotonating reagents. Successful abstraction of the proton from the hydroxyl fragment should afford a monoanionic complex with a formally negative oxygen atom that could be used as a building block for preparing compounds of higher For complex 4, two sets of different crystals have been obtained, corresponding to two pseudopolymorphs, 40 one triclinic (P-1) which incorporates two CH 2 Cl 2 solvent molecules in the asymmetric unit, and one monoclinic (P2 1 /n) with one CH 2 Cl 2 molecule. The structural parameters for both pseudopolymorphs are very similar and will be denoted 4a and 4b respectively. Figures 6 and 7 show views of the complexes 3 and 4a, and Tables 5 and 6 Complexes 3, 4a and 4b are isostructural, with the obvious difference of the methyl substituent on the 2-methyl-hydroxyquinolinate ligand, and small differences mainly in the conformation of the pentafluorophenyl and hydroxyquiolinate ligands that probably can be accounted by the flexibility of the molecules in the crystalline environment. 41 The three complexes are trinuclear, with two "Pt(C 6 F 5 )(bzq)(L)" subunits bridged by a lithium atom.
The most remarkable feature of the structures is the change of coordination mode of the hydroxyquinolinate ligands. Thus, the deprotonation of the hydroxyl group and the presence of the lithium atom cause a change in the bond between the platinum center and the hydroxyquinolinate ligand, which now is established through a Pt-O bond. This change in the donor atom allows the oxygen atom to act as a bridge between the two metals. Furthermore, in this way, the lithium also coordinates to the now available nitrogen atom and is able to reach the four coordination with a distorted tetrahedral environment. A few lithium hydroxyquinolate complexes have been previously described in the literature, which are tetrametallic or hexametallic with cyclic structures in which the Li atoms are bridged by three oxygen atoms of the hq ligand and only the fourth coordination position is occupied by a N atom.
42,43
The two Pt square planes are nearly coplanar, in a disposition that is probably optimal to reduce the steric repulsions of the bulky benzoquinolinate chelate ligands. Furthermore, the two bzq planes are separated about 3.4 Å, a distance that could indicate the existence of π···π interactions of the planar aromatic rings in a similar fashion to that previously reported for other complexes containing the bzq ligand.
23,44-46

Conclusion
The X-ray structure determinations. Crystal data and other details of the structure analyses are presented in Table 7 . Suitable crystals for X-ray diffraction studies were obtained by slow diffusion of n-hexane into concentrated solutions of the complexes in 3 mL of CH 2 Cl 2 (1, 3
and 4) or CHCl 3 (2) . Crystals were mounted at the end of quartz fibres. X-ray intensity data were collected on an Oxford Diffraction Xcalibur diffractometer. The diffraction frames were integrated and corrected for absorption using the CrysAlis RED program. 48 The structures were solved by Patterson and Fourier methods and refined by full-matrix least squares on F 2 with SHELXL-97. 49 All non-hydrogen atoms were assigned anisotropic displacement parameters and refined without positional constraints, except as noted below. For 1·CH 2 Cl 2 , 3·1.875CH 2 Cl 2 , and 4a·2CH 2 Cl 2 , all hydrogen atoms were constrained to idealized geometries and assigned isotropic displacement parameters equal to 1.2 times the U iso values of their attached parent atoms (1.5 times for the methyl hydrogen atoms), with the exception of the position of the hydrogen attached to the OH group of the hydroxyquinoline ligand (H(1)) in complex 1·CH 2 Cl 2 , which was found in the electron density maps and allow to refine with no positional or thermal restraints. For 2·CHCl 3 , the position all hydrogen atoms were found in the electron density maps and allow to refine with no positional or thermal restraints. In the structure of 3·1.875CH 2 Cl 2 , the dichloromethane solvent molecules were very diffuse and restraints in their geometry and thermal parameters were used. In the structure of 4a·2CH 2 Cl 2 , the γ-CH 2 and CH 3 groups of two of the butyl chains of the cation are disordered over two sets of positions refined with occupancy 0.7/0.3 and 0.6/0.4. Restraints were used in the geometry parameters involving these atoms. Full-matrix least-squares refinement of these models against F 2 converged to final residual indices given in Table 7 .
CCDC-950300 (1), CCDC-950301 (2), CCDC-950302 (3), CCDC-950303 (4a) and CCDC- 51 SDD basis set and its corresponding effective core potentials were used to describe the platinum atom. 52 An additional set of f-type functions was also added. 53 Carbon, fluorine, hydrogen, nitrogen and oxygen atoms were described with a 6-31G* basis set 54 except for the hydrogen atoms close to the metal (hydroxyl and methyl hydrogen atoms), which were described with a 6-31G** basis set. 55 The structures of the platinum complexes and hydroxyquinoline ligands were fully optimized with these basis sets and with no symmetry restrictions. All minima were subsequently characterized by analytically computing the Hessian matrix. Atomic coordinates (x ,y, z) for the optimized structures are collected in the supplementary material (Tables S3-S6 ).
Topological analyses of the electron density distribution functions ρ(r) were performed by using the AIMAll program package 56 based on the extended wave function obtained by M06
calculations. The AIM extended wave function format allows QTAIM analyses of molecular systems containing heavy atoms described with ECP. Atomic charges were calculated by using the natural bond orbital (NBO) analysis option as incorporated in Gaussian 09. 57 NMR chemical shifts were calculated on the previously optimized structures, but using the 6-311++g(d) basis set for all the light atoms in the molecules. 58, 59 Ellipsoids are drawn at their 50% probability level. 
